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DISPERSION COMPENSATION IN 
OPTICAL COMMUNICATIONS SYSTEMS 

43880 

This invention relates to apparatus and methods for 
compensating for dispersion in optical telecommunications 
systems . 

A major requirement of any photonics system is to 
provide the maximum amount of remotely configurable 
functionality and flexibility. 

Dispersion on a high bit rate coipmunications system, 
both chromatic and pplarisation are. major problems which 
usually require some kind of compensation or correction to 
be applied; Due to the nature of the traffic path 
distribution around photonic add/drop rings, dispersion 
compensation has to be done very accurately on a span by 
span basis so that the accumulated error on a path over 
multiple spans does not exceed the maximvim permissible 
dispersion. Compensation is therefore specific to a 
particular fibre route. When this route changes, for example 
because the system has been reconfigured, the compensation 
requires modifying. This is difficult to do without 
knowledge of the new route. This is le^s of a problem on 
line networks but in a ring network, traffic can have come 
from anywhere on the network. 

Thus, there is a problem in providing accurate 
dispersion compensation in systems that are remotely 
configurable . The invention aims to overcome this problem 
and, in its broadest form, uses a measure of the channel 
error rate to provide a basis for varying dispersion 
compensation applied to a signal dropped from the network. 

More specifically, there is provided a method of 
performing dispersion compensation on an optical 
communications signal, comprising coarsely dispersion 
compensating the signal as an optical multiplex on a 
communications network, dropping the signal from the 
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network, and applying an adjustable dispersion compensation 
to the dropped signal based on a measure of the error rate 
in the signal. 

■ The invention also provides a method of performing 
5 dispersion compensation on an optical commiini cations signal 
dropped from an optical communications network, comprising 
splitting the signal multiplex dropped from the network into 
a plurality of separate signal channels and performing an 
adjustable dispersion compensation on each channel based on 
10 a measure of the error rate in the channel. 

The invention further provides apparatus for performing 
dispersion compensation on an optical communications signal, 
comprising means for performing coarse dispersion 
compensation on the signal multiplex on a communications 
15 network, means for dropping the signal multiplex from the 
network, and means for applying an adjustable dispersion 
, compensation to the dropped signal based on a measure of the 
error rate in the signal . 

The invention further provides an add/drop node for an 
20 optical communications network, comprising a splitter for 
• • dropping a signal multiplex from the network, means for 
separating the signal multiplex into a plurality of 
channels, means for measuring the error rate in a channel, 
and means for applying an adjustable dispersion compensation 
25 based pn a measure of the error rate. 

In an embodiment of the invention, coarse dispersion 
compensation is applied to the signal multiplex on the 
network and a fine adjustable compensation is applied to- 
individual channels dropped from the network, in accoardance 
30 with a measure of signal error rate. This has the advantage 
that dispersion compensation can be controlled remotely and 
can be adjusted to take into account the origin of the 
signal source. 

Preferably, a feedback signal is derived from the error 
35 rate and used to provide a control signal to set the 
adjustable dispersion compensation to minimise the error 
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rate. Preferably^ the control signal is dithered to find the 
compensation setting giving the jainimuia error rate. 

Preferably, the signal is forward error corrected 
(FEC) . A bit error rate signal is derived from a FEC decoder 
5 and used to generatie the control signal. This has the 
advantage that changes in error rate caused by dithering the 
control signal will not be seen by the user at the FEC 
decoder and corrector will correct the errors before the 
signal is passed to the user, 

10 An embodiment of the invention will now be described, 

by way of example only, and with reference to the 
accompanying drawings in which: 

Figure 1 illustrates schematically, a drop node 
embodying the invention; and 

15 Figure 2 is a flow chart showing a process embodying 

the invention. 

The embodiment to be described uses a combination of 
coarse and fine compensation to correct for dispersion. Fine 
compensation uses a measure of the signal error rate to 

20 derive a dispersion compensation signal which is applied to 
the signal after it is dropped from the network before. it 
reaches the user. The embodiment to be described uses 
forward error correction to derive the error rate and the 
correction signal although other measures of the error rate 

25 are possible. For example, the error rate could be 
determined directly from the data, if the data format is 
known, or from the wrapper if present. 

A coarse compensation is first applied to the signal on 
the network. Coarse compensation may be implemented in a 

30 known manner using either dispersion compensating fibre 
(DCF) or a Fibre Bragg grating. DCF fibre has opposite sign 
dispersion to conventional fibre and the length of the DCF 
fibre is altered to give the desired amount of dispersion 
compensation. A fine adjustable dispersion compensation 

35 component is then applied at each drop path to perform the 
final dispersion compensation. As the signal being dropped 
may be remotely configured to come from a number of 
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different sources/ there may be probleias in resetting and 
maintaining optimisation of the fine- dispersion compensator 
without causing errors to the delivered clients' traffic. 
The preferred embodiment to be describied uses the forwaxd 
5 error correction (FEC) bit error rate to overcome this 
problem. 

Referring now to Figure Ir for simplicity, only the 
drop side of ^n add/drop node is shown. The construction of 
the add side is well known to those skilled in the art. Also 

10 only the W/E fibre of a two fibre ring is shown. In 
practice, the network will include an E/W fibre and part of 
the drop side circuitry will be duplicated to drop signals 
off both fibres'^ of the network. 

The network is a Dense Wavelength Division Multiplex 

15 (DWDM) network which carries a plurality of optical 
channels, typically 32 channels. The signal data in the 
channels is encoded using a forward error correction 
algorithm such as the Re^d-Solomon algorithm. This enables 
data errors to be detected and corrected before the data 

20, reaches the user, ensuring that the correction process is 
•transparent to the user. The use of FEC introduces a data 
overhead into the traffic carried on the network but 
increases ruggedness. 

The FEC encoded DWDM signal is carried on the W/E fibre 

25 10 of the ring network and amplified by EDFA amplifier 12. 

The amplifier stage is not always necessary, depending on 
the size of the network and the span between network nodes. 
The multiplexer signal is then passed to a drop coupler 14 
which splits the signal into two paths. The through path 18 

30 remains on the network and passes to a channel control unit 
16 and the drop path 20 is dropped to be sent to a user, 
after processing. 

The multiplex is band pass filtered by a filter 22 to 
split out individual channels from the multiplexer. It will 

35 be appreciated that only one channel is shown in the figure 
and that the subsequent processing to be described will be 
applied to all the dropped channels. 
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The band pass filter fiinction can be performed in a 
■ niHnber- of ways, for example, the DWDM signal could be 
demultiplexed and individual outputs selected, or a l:n 
splitter could be used, where n is the number of channels, 
5 with a filter on each of the outputs txined to select 
individual channels . 

The selected output channel is passed to a dispersion 
compensation xmit 24 which applied a dispersion compensation 
to the selected channel under the control of a control 
10 signal 26. The dispersion compensated signal is then passed 
to a receiver 28 where it is converted into a electrical 
signal and decoded using a forward error correction (FEC) 
chip 30. The FEC chip performs two functions. The first is 
a decode function 32 which decodes the received signal and 
15 derives an error signal. The second is a co;crection function 
34 which corrects the decoded signal under the control of 
the error signal derived by the decoder 32. The decoded and 
corrected signal is 36 then passed to the user. 

The decoder also produces a bit error rate signal BER 
20 38 which is an indication of the number of errors * in the 
received signal- The BER is used as an input to a controller 
40 which control the amount of dispersion compensation 
applied to the signal by the dispersion compensation unit 
24. 

25 The dispersion compensation unit operates to minimise 

the error rate, subject to there being an adequate signal to 
noise ratio. In order to find the minimum error rate, • the 
controller 40 dithers the dispersion compensation control 
about an initial estimated set point to find the minimum 

30 error rate. Because the FEC chip 30 corrects errors before 
the signal is passed to the user, the dithering, and the 
attendant variation in error rate is totally transparent to 
the user who only sees corrected data. 

Figure 2 illustrates how the process operates. A coarse 

35 dispersion compensation is set on the network and so the 
circuit of Figure 1 only performs a fine adjustable 
dispersion compensation. At step 50, the dispersion 
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compensation unit 24 is set to an estimated position by the 
controller 4D. At step 52, the bit error rate .38 is 
retrieved from the FEC decoder - 32 and stored. At step 54 a 
determination is made of whether there are any errors in the 
signal. If there are not, the bit error rate is necessarily 
at a minimum and further correction is not necessary. If 
there are errors, which will usually be the case, the BER is 
stored at step 56 and the dispersion compensation 
incremented (or decremented) at step 58. The BER at this 
position is then retrieved at step 60 and, at step 62 stored 
compared to the previous BER. If the error rate has 
decreased, the compensation is being corrected in the 
correct sense and the compensation is incremented again 
until the error rate rises again. That point is established 
as the minimum error rate. If the ejrror rate increases after 
the first increment, the sense of correction was incorrect 
and the DCD setting is decremented frpm its original at step 
64. Again, the BER is retrieved at step 66 and, at step 68 
compared with th^ original rate BERr- If the new rate BER^-x 
is lower, the DCU is decremented again until the error rate 
eventually rises, showing that the -previous position 
generated the minimiam error rate. 

It will be seen that the combination of coarse 
dispersion compensation on the network and adjustable fine 
compensation at the drop side of network nodes enables the 
compensation to be adjusted remotely. This is highly 
advantageous and enables the compensation to be altered 
without the network or node having to be taken out of 
service and without any on site attention. The use of an 
error measurement is advantageous as it gives an accurate 
view df the suitability of the dispersion compensation being 
applied at any given time. Ose of a bit error rate derived 
from a forward error correction decoder is especially 
advantageous as it allows the dispersion compensation to be 
fine tuned without the attendant change in error rate 
affecting the quality of the data output tp the. user. 
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Various modifications are possible to the embodiment 
described Without departing from the scope of the invention. 
For example, fine tuning of the dispersion compensation 
could be based on a different measure of the error rate in- 
5 the channel or channels in question- 
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A method of performing dispersion compensation on an 
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optical communications signal,, comprising coarsely 
dispersion compensating the signal as an optical 
multiplex on a communucations network, dropping the 
signal from the network, and applying an adjustable 
dispersion compensation to the dropped signal based on 
a measure of the error rate in the signal - 

A method according to claim 1, wherein the adjustable 
dispersion compensation is applied to individual 
channels of the signal multiplex dropped from the 
network - 

A method according to claim 1, wherein the measure of 
the signal error rate is used to form a feedback signal 
to control the adjustable dispersion compensation. 

A method according to claim 1, 2 or 3, wherein applying 
the dispersion compensation based on a measure gt the 
error rate comprises adjusting the dispersion 
compensation to minimise the error rate. 

A method according to claim 1, 2 or 3, wherein the 
optical communications signal is forward error 
correction (FEC) encoded, and wherein the measure of 
the error rate is a bit error rate derived from a FEC 
decoder. 

A method according to claim 4 or 5, comprising 
dithering the dispersion compensation to determine the 
dispersion compensation having the minimum error rate. 
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A method of performing dispersion compensation on an 
optical communications signal dropped from an optical 
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communications network, comprising splitting the signal 
multiplex dropped from the network into a plurality of 
separate signal channels and performing an adjustable 
dispersion compensation on each channel based on a 
5 measure of the error rate in the channel. 

■ 8. Apparatus for performing dispersion compensation on an 
optical communications • signal/ comprising means for 
performing coarse dispersion compensation on the signal 
multiplex on a communications network, means for 
10 dropping the signal multiplex from the network, and 

mean? for applying an adjustable dispersion 
compensation to the dropped signal based on a measure 
of the ^rror rate in the signal. 

9. Apparatus according to claim 8, comprising means for 
15 splitting the dropped signal multiplex into a plurality 

of separate channels, wherein the adjustable dispersion 
compensation means applies an adjustable compensation 
to the separated channels - 

10. Apparatus according to claim 9, compri3ing means for 
20 measuring the error rate in a channel cind means for 

deriving and applying a control signal to adjust the 
dispersion compensation means from the measured error 
rate. 

11. Apparatus according to claim 10, wherein the means for 
25 deriving and applying the control signal adjusts the 

dispersion compensation means to minimise the measured 
error rate. 

12. Apparatus according to claims 10 or 11, wherein the 
signal carried on the network is forward error 

30 corrected (FEC) and the means for measuring the error 

rate comprises an FEC decoder outputting a bit error 



rate signal to the means for deriving and applying the 
control signal. 

Apparatus according to claim 10 ^ 11 or 12 r wherein the 
means for deriving and applying the control signal 
comprises jaeans for dithering the control signal to set 
the dispersion compensation means such that the 
measured error rate is a minimum. 

An add/drop node for an optical communications network, 
comprising a splitter for dropping a signal multiplex 
from the network, means for separating the signal 
multiplex into a plurality of channels, means for 
measuring the error ra^te in a channel, and means for 
applying an adjustable dispersion compensation to the 
channel based on the error rate. 

A method of performing dispersion compensation in an 
optical gommuni cations signal, substantially a? herein 
described with references to Figures 1 and 2 of the 
accompanying drawings, 

Apparatus for performing dispersion compensation in an 
optical communications signal, substantially as herein 
described with references to Figures 1 and 2 of the 
accompanying drawings . 

An add/drop node for an optical communications network, 
substantially as herein described with references to 
Figure? 1 and 2 of the accompanying drawings. 
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ABSTRACT 

DISPERSION COMPENSATION IN 
OPTICAL COMtfUNICATIONS SYSTEMS 

<Fig. 1) 

5 Dispersion compensation is applied to an optical signal 

first by a coarse compensation applied to the signal 
multiplex on a communications network and then by a fine 
adjustable compensation applied to individual signal 
channels dropped from the network- The error rate is 
10 measured/ for example using forward error correction^ and 
the dispersion compensation set to minimise the error' rate. 
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